Vehicle Integrated Prognostic Reasoner (VIPR) 2010 Annual Final Report by Biswas, Gautam et al.
   
May 2011 
NASA/CR–2011-217147
Vehicle Integrated Prognostic Reasoner (VIPR) 
2010 Annual Final Report 
George D. Hadden, Dinkar Mylaraswamy, and Craig Schimmel 
Honeywell International Inc., Golden Valley, Minnesota 
Gautam Biswas, Xenofon Koutsoukos, and Daniel Mack 
Vanderbilt University, Nashiville, Tennessee 
https://ntrs.nasa.gov/search.jsp?R=20110012171 2019-08-30T15:44:28+00:00Z
NASA STI Program . . . in Profile
Since its founding, NASA has been dedicated to 
the advancement of aeronautics and space science. 
The NASA scientific and technical information (STI) 
program plays a key part in helping NASA maintain 
this important role. 
     The NASA STI program operates under the 
auspices of the Agency Chief Information Officer. It 
collects, organizes, provides for archiving, and 
disseminates NASA’s STI. The NASA STI program 
provides access to the NASA Aeronautics and Space 
Database and its public interface, the NASA Technical 
Report Server, thus providing one of the largest 
collections of aeronautical and space science STI in 
the world. Results are published in both non-NASA 
channels and by NASA in the NASA STI Report 
Series, which includes the following report types: 
 TECHNICAL PUBLICATION. Reports of 
completed research or a major significant phase 
of research that present the results of NASA 
programs and include extensive data or 
theoretical analysis. Includes compilations of 
significant scientific and technical data and 
information deemed to be of continuing 
reference value. NASA counterpart of peer-
reviewed formal professional papers, but having 
less stringent limitations on manuscript length 
and extent of graphic presentations. 
 TECHNICAL MEMORANDUM. Scientific 
and technical findings that are preliminary or of 
specialized interest, e.g., quick release reports, 
working papers, and bibliographies that contain 
minimal annotation. Does not contain extensive 
analysis. 
 CONTRACTOR REPORT. Scientific and 
technical findings by NASA-sponsored 
contractors and grantees. 
 CONFERENCE PUBLICATION. Collected 
papers from scientific and technical 
conferences, symposia, seminars, or other 
meetings sponsored or co-sponsored by NASA. 
 SPECIAL PUBLICATION. Scientific, 
technical, or historical information from NASA 
programs, projects, and missions, often 
concerned with subjects having substantial 
public interest. 
 TECHNICAL TRANSLATION. English-
language translations of foreign scientific and 
technical material pertinent to NASA’s mission. 
     Specialized services also include creating custom 
thesauri, building customized databases, and 
organizing and publishing research results. 
     For more information about the NASA STI 
program, see the following: 
 Access the NASA STI program home page at 
http://www.sti.nasa.gov
 E-mail your question via the Internet to 
help@sti.nasa.gov
 Fax your question to the NASA STI Help Desk 
at 443-757-5803 
 Phone the NASA STI Help Desk at  
443-757-5802 
 Write to: 
           NASA STI Help Desk 
           NASA Center for AeroSpace Information 
           7115 Standard Drive 
           Hanover, MD 21076-1320
National Aeronautics and  
Space Administration 
Langley Research Center  Prepared for Langley Research Center 
Hampton, Virginia 23681-2199 under Contract NNL09AD44T 
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Definitions complete. Salient features 
captured in the VLRS Concept of 
Operations document, CDRL 4.1.04.
On track to implement them within the 
SMARTlab simulator 
We expanded our original evidence set to 
include human provided evidence. 
Correspondingly we expanded the 
operations on fault conditions to interpret 
these TWO forms of evidence. 
System 
Reference Model 
Definitions and requirements capture 
complete. Described in User 
Requirements, CDRL 4.1.05. On track 
to instantiate a reference model for the 
propulsion, bleed, avionics and aircraft 
actuator subsystems.  
We discovered the need to extend the 
System reference model to include "data of 
interest" elements. During configuration 
time, this allows the VIPR installer to 
specify the sensors used by monitors. This 
information allows the reasoner to capture 
data with the onset of a primary evidence, 





We defined six forms of evidence 
heterogeneity. We also defined an 
abstraction for capturing uncertainty 
associated with these monitors without 
exposing proprietary knowledge to 
vehicle level reasoning complete. 
Captured in Architecture 
Recommendations, CDRL 4.1.02.
The monitor abstraction proposed originally 
could not handle evidence provided by 
humans. We extended the abstraction to 
include TWO forms of human monitors: 




We defined messaging protocols to 
support distributed reasoning. 
Implementation of these message 
passing protocols within the simulator 
is complete.  The protocol is defined in 
CDRL 4.1.03.
We discovered that ARINC 624 has proven 
precedence on commercial aircrafts to 
support diagnostic messages. We decided 
to adopt this protocol and expanded it to 
include information content requirements 
derived from the AFRL program ISHMAD 
[Jambor].  
SMART Process Demonstrated the following steps of 
the process--Animated ConOps, 
architecture flow-- for four scenarios 
spanning five aircraft subsystems 
(propulsion, bleed, avionics, actuators, 
and software). Summary of these 
scenarios are described in CDRL 
No significant course corrections.   
Page15

4.1.04. User requirements were 
captured in a document, CDRL 4.1.06.
Mesaba Fleet 
data
We identified ten incidents recorded in 
the ASIAS database and relevant 
ACMF data from the Mesaba fleet. The 
ACMF data provides 1—16Hz aircraft 
parameters spanning at least 40 flights 
before and after the events. 
We completed the data anonymizer 
that allows us to make this data 
available to the VIPR program and 
NASA.
The Mesaba archive does not include data 
specifically captured for supporting 
software health monitoring. Our 
recommendation is to simulate these faults 





































































































































The 7 steps are, as shown inFigure3:
1. System Benefits Model:  An early lifecycle, low fidelity model that demonstrates the utility of a 
system or process.  This step often explores the cost to benefits tradeoffs. 
2. Animated Concept of Operations (CONOPS) Model:  A visual, animated model or prototype that 
illustrates the system operation.  This model is used to confirm the project approach and customer 
expectations and acts as a concrete representation of the system requirements. 
3. Architecture Flow Model: An interactive model that defines the interactions and information flow 
among system components.  This model defines the roles and interfaces between subsystems. 
4. Detailed Design Emulation:  A high fidelity model that represents the final system. It provides 
validation of algorithms and system operation prior to major purchases or development activities. 
5. Integration Testbed:  A simulated environment capable of interfacing with real and simulated 
subsystems for integration of real assets as development matures. 
6. System Test Simulation: A combination of real and simulated components that provides a 
realistic test environment without the risk or cost of a live test. 
7. Training Systems:  High fidelity models that may include real or simulated components, used to 
train operators in a controlled environment.  (Note: Step 7 is not currently within VIPR’s scope.) 
The result of each step flows into the next, so that each step expands on and refines the models of 
previous steps.  Each step of the process can be employed iteratively and recursively throughout the 
development cycle.  For example, if the animated CONOPS model exposes requirements issues, the 
model would be iteratively refined until the issues are resolved.  Once the model accurately reflects the 
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